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the water level drops in the cave, creating an air-filled void, the atmosphere in the void 
equilibrates with the dissolved gases in the water, producing a mixture similar to that of the 
outside air but richer in C02, which is contributed mainly by the soil. 

How can we determine the age of a specific rock formation? 

Many rocks can be dated because they contain radioactive elements that begin to break down 
as soon as the rocks are formed. By measuring the amount of remaining radioactive material 
(for example, uranium) and comparing it to the amount of material produced by the 
radioactive decay (for example, lead), and knowing the rate at which the material decays, we 
can calculate how old the rock is. Many rocks do not contain material that can be dated in this 
way, but they contain fossils that can be compared to those in the rocks that have been dated. 
A few rocks contain neither fossils nor datable material. In this case it's necessary to examine 
their position with respect to those rocks whose ages are known. For example, overlying rocks 
are generally younger, and underlying rocks are older. 

How old is Mystery Cave? 

Dating of flowstone by the Minnesota Geological Survey gives a maximum age of more than 
350,000 years for those deposits. The sediment that the flowstone overlies must be older, and 
the cave is even older than that. An age of at least half a million years for the earliest cave 
passages seems appropriate. 

But how can we date an event such as the beginning of cave origin, which doesnti: leave a 
datable deposit? The best way is to relate the cave to the surrounding landscape. The cave 
was initiated by the entrenchment of the South Brap.ch below the plateau surface. Only when:. 
the limestone was exposed in the section of river around the cave was it possible for enough 
water to flow through the grol.llld to form the cave. The history of the cave therefore parallels · 
that of the erosional history of the region. And the erosional history is in tum partly controlled 
by glaciation -- which is poorly known in this area. Superficially, the rivers in the north- 0·, 

central states deepened their channels by erosion during the periods between glacial advances, 
and they filled up their channels with sediments during glaciations. Therefore cave probably 
began to form during the period of erosion following one of the earlier glaciations. The· 
extensive sediment fill in the cave probably accumulated during glaciation. Meltwaters from 
the ice probably messed things up by removing and rearranging the sediments and enlarging 
some passages. 

Q: What should we tell a person who doubts the age of the rock, fossils, glacial d,eposits, and 
cave, and who attributes all geologic phenomena either to the original creation or Noah's 
flood? 

A: For everyone's sake, it is best to try to de-fuse the issue as gently as possible. Here are several 
comments that may help. However, it is better simply to accept whatever each individual 
believes. The folloWing items should NOT necessarily be used verbatim, because they would 
only lead to arguments. Try to find a compromise. If none is forthcoming, let the person have 
his or her way. You' will have the sympathy of the rest of the tour group (or at least most of 
it). 
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a. Most (or at least many) scientists find that the more they learn about the world, the more 
awed they are at its complexity and beauty, and their faith increases as a result. For example, 
most astronauts return with stronger religious convictions. 

b. Science and religion can coexist without contradiction if many of the early events in the 
Bible are considered allegorical, to cover the topics in the most direct way, so as to get quickly 
to the more important topics such as faith and salvation. 

c. For those who favor a literal inteipretation of the Bible: It has been shown that the 
measurement of time differs according to where you are. For example, time in a space craft 
passes more slowly. On a celestial scale, time passes very slowly. Note that the first 7 days of 
Genesis are described from God's standpoint, not ours. Only when Adam and Eve appear does 
time revert to the human scale. So it is possible that a single "day" of creation actually 
represents billions of our years. 

d. The concepts that you describe on your tour, such as the formation of rock layers over 
millions of years and the interpretation of fossils, have been determined independently by 
scientists all over the world from all sorts of cultures and faiths, and their basic findings 
agree. The rock layers we see here were laid down one on the other in the sea that once 
covered most of the continent. This happened many times, not just once, but it can be accepted 
as a version of Noah's flood if desired. The complexity of the fossils increases with higher 
(and therefore younger) layers, and each layer, wherever it is found in the world, always has 
the same types of fossils in it. These layers are dated with many different teclmiques, and they 
all agree fairly well, with just a little uncertainty. There are many tales of dating that has gone . 
wrong, or fossils that are all mixed up, but these are few, and when examined in detail they , 
tum out to have been the work of inexperienced people or faulty lab procedure. 
e. The cave is not the resuh of Noah's flood because it is limited to the small area of the Root 
River where the water goes underground across a steep meander. A world-wide flood would 
not produce a cave so well adjusted to the local river pattern. 

f. Good luck. 

Q: Why is the cave a constant 47-48 degrees? 

A: Daily and seasonal temperature fluctuations die out downward within about 10 or 20 feet of 
the land surface. A cave deeper than that will generally have a temperature close to the mean
annual surface temperature. Mystery Cave takes a large amount of water from the South 
Branch, which heats or cools local parts of the cave, depending on the season, and the effect is 
most noticeable along active streams in the cave. Air currents do the same, but to a smaller 
degree. Also there are small fluctuations caused by tours, lights, etc. So the cave's temPerature 
is really constant, but the fluctuations are rather small, except around entrances and water 
~~. . 

Q: Is there an instrument that can detect underlying caves from the surface? 

A: Large shallow caves' can be detected, but not reliably. Deep ones are almost undetectable. 
Gravity surveys can detect voids on the basis of locally low gravity readings, but the cave has 
to be very large and shallow to be detectable. Mystery doesn't qualify. Seismic surveys aren't 
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well suited to detecting cave passages. Electrical resistivity or conductivity should work 
(higher resistivity over caves), but the results are difficult to interpret and are susceptible to 
distracting influences. Ground-penetrating radar shows potential, but it works only for very 
shallow caves. Recently there have been some advances in using spontaneous potential caused 
by undergrowid water movement, but again the results are difficult to interpret. In summary, 
there's no instrument that can reliably find caves, except wider ideal circumstances, and 
usually the results are ambiguous. Cave explorers are still the best means for finding caves! 

Q: Is limestone deposited only in tropical seas? 

A: Mostly, but not entirely. Some is being deposited today in cold climates, but it is rare. Nearly 
all limestone is formed at low latitudes and shallow depths, where the water is warm. Not only 
is this conducive to the growth of plants and animals that use calcium carbonate for their 
shells, but calcite is also most stable in warm water. At depth, even in the tropics, calcite is 
unstable due to colder temperatures. At the time the limestone was deposited around here, 
Minnesota was located very near the equator. It isn't any more!! 

Q: How do the rock layers in Mystery I co"elate with those in Mystery II and III? Are there 
any beds that are easily traced? 

A: The rocks in the two major parts of the cave match exactly, with almost no differences in rock 
type or thickness of beds. The topmost shale bed inside the gate at Mystery I is the same as 
the second shale bed from the top in the high point in Fourth Avenue between the Smoking 
Chamber and Fat Man's Misery. Thus Fourth Avenue correlates almost exactly in itS 
stratigraphic position with the main passage in Mystery I. 

Several beds are readily identifiable, even to non-geologists. Most obvious is the upward 
change from massive mottled limestone/dolomite of the Stewartville to the bedded limestone of 
the Dubuque, for example at the stairs into Fifth Avenue from Angel Loop. Five feet higher is 

·---a-1.5-foot bed (DT4) that is rather resistant, with a faint recessed bedding plane along its 
middle, whose top parts contain much yellow limonite (iron oxide from the weathering of 
pyrite) and solutional holes about an inch in diameter caused by solution of limestone around 
the pyrite blobs. It is overlain by the first obvious shale bed (DSI). 

Fourteen feet above the top of the massive mottled limestone (Dubuque/ 
Stewartville contact) is a very prominent bed (DL9) about 0.8 ft thick, overlain and underlain 
by prominently recessed shales (DS9 and DSIO). Above this bed is a 3.5-foot-thick sequence 
of limestone and shale with no prominent bedding planes within it (DLIO-DSll~DLll). This 
sequence shows up about 2/3 of the way up Fourth Avenue between the Hills of Rome, and is 
just beneath foot level at the flowstone mound before Blue Lake. 

Q: What is the proper term/or the rock type in the Stewartville? 

A: At Mystery Cave it is appropriate to call it a dolomitic limestone. Calling it a dolomite is 
acceptable too, sinee most rocks that are referred to as dolomite are actually a combination of 
the two rock types, rather than pure dolomite. 
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Q: What are the "crinkly beds" that are supposed to represent the top of the Stewartville 

Formation? 

A: Start in the Angel Loop, and notice the bed near the floor with the mottled appearance. This is 
near the top of the Stewartville. Near the ceiling are one or two bedding planes. Now climb up 
the stairs into Fifth A venue and notice that bedding becomes more prominent and the mottling 
disappears. A one-foot-thick bed above the mottling is overlain by a 3.5-foot-thick layer, the 
top foot of whiclf is divided into thin irregular beds, which are the "crinkly beds." There are 
usually 4 of these, but in places there are 5, depending on what you cail a bed. Thin shales 
separate them, but they are hardly noticeable. In some areas of the cave, such as Mystery III, 
the layer directly above the Stewartville also contains 4 or 5 irregular beds, so the presence of 
the "crinkly beds" is not a good criterion for the bottom of the Dubuque. The problem is that 
thin shale layers, which determine whether a prominent bedding plane will be formed, are 
deposited rather irregularly and are not present everywhere. They don't represent a major 
change in the environment. The change from massive burrowed limestone to more uniform 
crinoid-rich limestone is a much better criterion, because it represents a major change in 
environment, from static, muddy conditions to freely circulating water. This change is 
reflected in the types of animals that occupied the area. Unfortunately, it appears that even the 
burrowing and other animals didn't change simultaneously all over the area -- they persisted 
longer in some areas than in others. We prefer to use the top of the massive burrowed 
limestone as the Dubuque/Stewartville boundary, because it has the greatest importance to the 
character of the caves. Many geologists argue about where the contact should be, but it's 
obviously gradational and changes character from one area to another. There is a problem 
with trying to impose an artificial kind of order on a system that is inherently disorderly with 
fuzzy boundaries. 

Q: Was the Stewartville Formation formed in a shallow or deep ocean? Why is it dolomitic 
rather than just limestone? 

A: The rocks of the Stewartville have no indication of wave activity, so they formed beneath 
wave base -- in other-words, below about 5 meters. There are a few minor beds (SX1-SX3) 
that represent rare bottom scouring by storm events, so the depth wasn't much more than this. 
These beds can be seen on the route to Garden of the Gods and in the Angel Loop: they are 
brown granular, crystalline beds only a few inches thick that project slightly from the cave 
walls near the top of the Stewartville. Fossil types also indicate a depth ranging from 2 to 50 
meters. 

Q: How is limestone converted to dolomite? 

A: This is accomplished by addition of magnesium to the original limestone. At surface 
temperatures this takes place very slowly, so even though sea water is saturated with 
dolomite, calcium carbonate forms instead, because it crystallizes much more quickly. If Mg
rich water seeps through the limestone it slowly changes it to dolomite. This doesn\ nonnally 
happen on the sea floor, because the water in the limestone of the sea water is not moving. 
There are several ways to accomplish this: (I) Raise the limestone above.sea level and expose 
it to sea spray (rich in Mg), so water enriched with Mg seeps into the limestone and converts 
it to dolomite. (2) Raise the limestone above sea level and allow evaporation to take place, 
drawing sea water upward through the limestone and changing it to dolomite. (3) Convert the 
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limestone to dolomite at high temperatures deep beneath the surface, where dolomite is much 
more stable than limestone (this requires that the water be high in Mg). (4) Convert limestone 
to dolomite in reducing zones where there is no oxygen and where organic compounds or 
methane can convert calcite tO dolomite by reactions described below. 

#4 is probably how the burrows in the Stewartville were dolomitized. Organic materials cause 
reducing conditions that produce methane CHJ, which reacts with sulfates in the rock to 
change calcite to dolomite: 

This reaction can be shown to work well in other similar areas. 

· Q: In general, the worm bu"ows in the Stewartville are less resistant than the surrounding 
limestone, forming recesses. however, in places the burrows stand out as resistant 
projections, as at Enigma Pit Why the difference? 

A: The burrows are mostly dolomite, which doesn~ dissolve as rapidly as limestone. (The porous, 
sandy material that filled the burrows more easily transmitted the magnesium-rich water that 
converted the limestone to dolomite.) Because dolomite dissolves less rapidly than limestone, 
we would expect the burrows to stand out as projections. This is the case in many areas, and 
the resulting cave walls have a texture like Velcro, which delights cavers in narrow passages. 
However, ifthe dolomite is sandy textured and not well cemented together, the contact points 
between the crystals dissolve, leaving a loose sandy mat~rial that easily washes out, producing 
hollows rather than projections. 

The nature of water movement and the water chemistry also affect the way rock weathers. 
Fresh water that contains very little dissolved limestone or dolomite will dissolve both rocks 
rather evenly. Water that is nearly saturated with either rock will dissolve dolomite much 
more slowly. High-velocity water will -erOde loose, granular material more readily, which 
probably includes the dolomite burrows. Also, the projections that appear to be resistant 
burrows may actually be the final remnants of the intervening limestone between the burrows, 
rather than the burrows themselves. 

Finally, walls that contain projecting burrows show evidence for having been covered by 
sediment fill at some time during the past history of the cave and have since been re
excavated. Note in Fifth Avenue that the indented burrows are higher in the.walls than 
projecting ones, and that the relationship is not inverted anywhere in the cave. Furthermore, 
the contact between the two modes is highly irregular, not following the beds. We are still 
working on this question and will have a clearer interpretation in the final (1994) version of 
this report. 

Q: Does the extreme mottling and roughness of the walls in the Angel Loop and on the way 
to Garden ofthe Gods (particularly under ledges) represent former water levels?-

A: The mottling and roughness is present only in the Stewartville Formation, which is exposed in 
the lower walls in both areas. However, the roughness tends to be planed off by rapidly 



Q: 

A: 

([ 

Q: 

A: 

85 
moving water, so the extreme roughness was probably caused by slow-moving water, 
probably floodwater rising from lower levels. 

Why are there strata in the Dubuque Formation? 

In the shallow sea that covered most of the continent during the Ordovician Period, limestone 
was deposited rather continuously. Occasionally there was an increase in the amount of 
sediment washed- off the land areas to the north and east as the result of cyclic changes in 
climate. At these times, the mud carried by rivers draining off the land accumulated faster 
than the limestone could, creating layers of shale or shaly limestone. Many of these layers 
were just thin dustings of mud that interrupted the limestone and fonned bedding planes. 
Others were substantial layers almost as thick as the limestone beds they interrupted. The 
amowrt of time represented by each layer (or bed) is not known exactly, and must have varied 
a great deal; but since the fossils didn't change significantly from bottom to top in the · 
Dubuque, we can assume that there was not a great deal of time involved in its deposition. 
Each layer may represent hundreds, thousands, or tens of thousands of years. Occasionally a -
layer can be deposited in a single day (as during a storm). A single bedding plane may 
represent a long period of time when nothing much was happening. 

The Stewartville doesn't have such prominent bedding because little sediment was being 
carried into the sea at that time, and burrowing animals (worms?) disrupted the bedding. The 
Maquoketa Fonnation doestl't have such good bedding because mud was being carried into the 
area rather continuously, rather than in cycles. All three fonnations probably represent a· 
progressively wetter climate, with increasing amounts of water running off the continent, 
accompanied by a rising of mountains to the east (now the Taconic Mountains of New 
England and the Maritime Provinces of Canada), the erosion of which served as a source for 
the sediments deposited in the central ~~· 

Where did the silt and day come from that make up the shale layers in the Dubuque 
Formation, and why do they alternate so regularly? 

Almost all this material came from the transcontinental arch, which fanned a periodic land 
area to the west of here. A small amount of volcanic ash was also added from the 
Appalachians to the east. The regularity of the layers was apparently caused by changes in 
climate, which caused sea level to rise and fa11 slightly, which also happened in the last few 
million ·years during glaciations. These fluctuations periodically exposed the transcontinental 
arch to erosion, providing a source for the sediment. The arch was apparently below sea level 
all during the Stewartville deposition and mainly above sea level during Maquoketa 
deposition. 

Fossils show that the average rate of deposition was 12 - 13 mm per 1000 years. Thus it took 
an average of about 24,000 years to deposit one foot (300 mm). However, any single bed may 
have been deposited at a much faster rate, because there were lengthy times (totaling about 
25% of the time) when virtually no sediment was being deposited. 

Uplift of the transcontinental arch was periodic, and only when the arch rose above sea level 
was silt carried into our area. It is more likely that the so-called "uplifts" were actually slight 

-decreases in sea level, which exposed the arch to erosion, caused by changes in climate similar 
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to those that produced glacial cycles in more recent times. 

The cyclic nature of the shales in the Dubuque Formation suggest that they may be controlled 
by climatic variations affected by cyclic changes in the amount of energy received from the 
sun, as the result of variations in the eccentricity of the earth's orbit (Milankovitch cycles). 
These cycles have a period of about 23,000 years, with longer cycles of 41,000 and 100,000 
years. Glacial advances and retreats during the couple of million years match the longest 
Milankovitch cycles fairly well. It is probable that the cyclic Dubuque deposits were 
controlled by the same process. Growth and retreat of ice caps around the poles cause small 
fluctuations of sea level by tying up varying amounts of sea water as ice. Such fluctuations 
could easily have caused the transcontinental arch to be periodically exposed to erosion, 
producing the shale beds in the Dubuque. Although the match is not perfect, the approximate 
dep_osition rate of one foot per 24, 000 years in the Dubuque r.oughly matches that of the 
shortest Milankovitch cycles. An exact match with the Milankovitch cycles is difficult to 
verify because of uncertainty in how the rates of deposition varied with time. 

Q: Is there a map designating where the rivers were that brought in the silt that is now in the 

A: 

Dubuque? · 

No. The rivers were on land (the broad, low, Transcontinental Arch, a structural watp in the 
rocks west of here) and that land area was eventually eroded away. The silt was distributed 
quite uniformly throughout the Mystery Cave area and shows no delta pattern, since it is 
located far from the original shore. 

Q: What is bentonite, and what do the bentonite layers in the limestone mean? 

A: Bentonite is a concentrated deposit of the clay mineral montmorillonite. It is a weathering 
product of various materials, such as volcanic ash. This sticky 'material can be identified only 

Q: 

A: 

by special lab equipment (X-ray diffractometer, etc.). However, much bentonite has been so 
weathered that it can be recognized only by certain trace minerals such as zircon, biotite, an_d __ 
apatite. Geologists are excited about bentonite because it represents a layer that was 
undeniably formed at one single time, so the layer represents a time marker: anything above it 
is younger, anything below it is older. Furthermore, it indicates intense periods of mountain 
formation at the time the ash was deposited. 

Thin bentonite layers occur in various parts of the rock section exposed in Mystery Cave. The 
most accessible one (possibly more than one) occurs in the upper walls of Mystery I (beds 
DS13-DL13-DS14). It represents periodic volcanic ash carried into the area from the 
mountains forming to the east. · 

How were the iron nodules formed? 

Certain layers in the limestone contained pyrite (iron sulfide) formed only in stagnant, 
reducing conditions where organic materials were abundant. Pyrite forms knobby masses, or 
crystals of cubic shap~. When it is exposed to oxygen and water (as in the cave atmosphere) it 

. oxidizes in the following way: 

iron sulfide + water + oxygen ==> iron oxide + sulfuric acid 
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The acid is usually rather dilute and is quickly neutralized as it reacts with the limestone. This 
produces little circular pits in the rock. Notice, for example, the layer just above floor level at 
the junction of 5th Ave. with the route to the Smoking Chamber: Near the top of the layer are 
many pits, some of which are filled with yellow or red iron oxide. These are the "iron nod
ules," and they represent former pyrite blobs. Iron oxide forms the minerals limonite (yellow) 
and hematite (red). The original pyrite accumulated in areas starved for oxygen, such as at the 
mucky bottom of stagnant water. The organic carbon reacts with any oxygen present, using it 
all up and forming carbon dioxide. When all the available oxygen is used up, the carbon starts 
using up the oxygen in sulfate (available in sea water), reducing it to hydrogen sulfide. 
Hydrogen sulfide produces a rotten-egg smell and is found in water from wells that penetrate 
areas with poor circulation of water. Any iron in the vicinity readily reacts with hydrogen 
sulfide to produce pyrite. So the pyrite nodules, and therefore the iron oxide nodules, represent 
a temporarily foul environment with poor circulation and usually a lot of organic material 
accumulating. 

Q~ How deep is the breakdown in Fourth and Fifth Avenues? 

A: This is an important question, because its answer affects our llrterpretation of the age and 
sequence of passages. The original passage ceilings were obviously much lower, and they 
have migrated upward by .breakdown during later stages of cave enlargement. Solutional 
domes occur in the ceilings, even where there has been a lot of breakdown, so almost all the 
breakdown predates the latest stages of solution. On the basis of passages that have no 
breakdown, the most favorable location for passages to originate is in the non-shaly bedded 
rocks of the lower Dubuque Formation, at and just above the Stewartville. This rock is most 
soluble and cave origin is not impeded by a lot of impermeable shale. The passages that 
extend above this level are mainly the wide broken-down passages like Fourth Avenue. 
Assuming that they all formed at or near the Stewartville .contact, they must contain as much 
as 30 feet of breakdown in places, but very little in some areas. 

Fat Man's Misery between 4th and 5th Avenues is at the favorable level for cave origin, so at 
that point the A venues might be expected to contain very little breakdown. This may be true 
for Fourth Avenue, but not far to the east Fifth Avenue drops into the Stewartville, which 
suggests that at least some of the early cave development was deeper than the "ideal" location 
described above. Upward enlargement of such passages into the Dubuque is probably 
accompanied by passage widening and breakdown, which obscures the original shape and 
may even roof over the original fissure with slabs of breakdown. (Note that the slabs that 
cover the floor fissures along the trail routes were laid down by the early developers to keep 
visitors from disappearing into the cracks.) 

What about the places where the ceiling height is very large, where the breakdown seems to 
have been removed in some way (like at the Hills of Rome)? In these places the break;down 
may have fallen into a lower level that crosses beneath the upper one, or it may have been 
dissolved away by a lower-level stream. At the bottoms of the big rooms (Hills of Rome, 
Great Depression, etc.) there's almost always a drain to a lower level, indicating either or both 
of the two possibilities above. 
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Q: What is the origin of the "Mushroom" formation? 

A: 

Q: 

A: 

. Next time you are at the flowstone mound next to Blue Lake, stand on the opposite side of the 
passage to get a broad view. The "mushroom," as well as the shelfstone on the left of the 
flowstone mound and the corroded curtain of flowstone on the left side of the mound, are all 
older flowstone deposits (more than 350,000 years old) that have been weathered to a dull 
gray-brown (Figure 29). Compare them to the shin y red-brown of the main mound of 
flowstone, which ·-is still forming today. The older flowstone formed a thin sheet on the wall: 
note the layering in the "mushroom" parallel to the wall. But its base was apparently on a mud 
bank, and eventually the weight of the flowstone caused the mud to settle, causing the entire 
flowstone bank to subside a short distance. Part of the thin flowstone curtain pulled away 
from the wall a foot or so, and the "mushroom is part of this. Later flowstone about 50,000-
77,000 years ago cemented these remnants into their present positions. Note that the younger 
flowstone separates the curtain on the left from the limestone wall. Note also that the 
irregularities in the back sides of the "mushroom" and old flowstone curtain match exactly . 
with the irregularities in the bedrock walls behind them. The older flowstone did not stick well 
to the shaly limestone of the walls and easily pulled away when the rest of the flowstone bank 
subsided. Apparently there was a long period of weathering, and probably flooding and 
solution, between the two phases of flowstone deposition. The ~Id flowstone is highly 
corroded, compared to the later flowstone. It is not clear whether the shelfstone on the wall is 
younger or older than the corroded flowstone, since both are older than the limit of the Utrh 
dating technique (350,000 years). The flowstone could not have been deposited at the same 
time, because the shelfstone, which is higher, represents an old water level, and the 
downward-oriented drapery remnants were deposited above water. 

What accounts for the mushroom or cross shape? The flowstone that forms the feature was 
deposited on an irregular wall, so it spread out in some areas and formed a narrow band in 
others. Corrosion later enhanced·· the difference in width and obscured many of the 
characteristics that are typical of flowstone. The crude putty-like base around ·the 
"mushroom," which gives the impression that someone stuck it up on the big flowstone mound 
with mud, is a remnant of the original flowstone that has been coriO<ie(fand fractured. 

In Fifth Ave. the popcorn is most dense in the area just before the Angel Loop. It is 
gradational horizontally but terminates abruptly upward Why? 

Popcorn can form in drips of water, or by evaporation of water from the limestone walls; the 
popcorn in Fifth Avenue is the evaporative type. Air movement increases the rate of 
evaporation from the cave walls, and moisture in the porous bedrock is drawn out and 
precipitates dissolved limestone as popcorn. The knobby popcorn shape is caused by the fact 
that evaporation is greatest on projecting surfaces, so capillary moisture on the wall will tend 
to precipitate calcite more readily on knobs, enhancing the knob shapes. The abundance. near 
the Angel Loop is caused by the prominent air movement there, where air from the door-to
door route meets air in the larger passage. The relative humidity is apparently lower in this 
area because of the mixing of different air masses, although it will be necessary to check the 
data from the meteorology team to clarify these relationships (see forthcoming 1994 update of 
this report). The abrupt vertical termination is caused by stratification of air, where cold, drier 
air is overlain by less dense, moist air. The dry air encourages popcorn to form, but the moist 
air does not. This process has been well documented in certain other caves (e.g. Carlsbad). 
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The popcorn is probably still forming, although we can infer this only by measuring the 
relative humidity of the air. Popcorn forms too slowly to measure its rate of growth on an 
annual basis. 

Q: Why is Blue Lake blue? 

A: We have heard that the blue/green color of Blue Lake and Turquoise Lake is caused by 
refraction/absorption of certain wave lengths of light by molecular calcium carbonate 
dissolved in the water. Most of the calcium carbonate is in ionic form as calcium and 
bicarbonate ions (Ca++ and HC03-). Dissolved molecular CaC03 is· very dilute, but is still the 
most abundant uncharged chemical constituent in the water and is responsible for the apparent 
color of deep cave water. 

Q: Why doesn't the water in Blue Lake deposit uniform horizontal layers as it rises and/alls? 

A: The water rises and falls too rapidly to form distinct shelfstone ledges at specific levels. Note 
the tremendous fluctuations in lake level throughout the year at the bridge over Blue Lake, 
from nearly dry to less than a foot below the bridge. However, calcite is deposited all over the 
exposed surfaces, including.the raft cones. The layers are more numerous and thicker on the 
lower parts of the walls and floor because the water covers those areas a greater percentage of 
the time. 

Q: Why do the cones in Blue Lake form in lumps instead of uniform mounds? 

A: This is typical of all raft cones. They consist mainly of loose flaky raft material piled up 
beneath the water surface where 4fips hit the water surface when it is covered with calcite 
rafts. (This condition apparently no longer exists). So the original shape is like a pile of com 
flakes, with irregular sides. Meanwhile, the mass of rafts is cemented together by calcite 
deposited beneath the water surface, forming the lumpy appearance. Today the underwater 
calcite deposition appears to be continuing, which enhances the original irregularities. 
Popcorn may also grow on the sides when the cones are exposed aoove the water, and this 
increases the irregularity (true for some raft cones but not necessarily for those in Blue Lake). 

Q: Small crystals of gypsum form in the cave walls by evaporation - but how can large beds 
of gypsum be deposited on the seafloor, like those around Ft. Dodge, Iowa? 

A: Where sea water is exposed to evaporation and has limited circulation (as where the water is 
shallow or nearly separated from the main ocean by an ann of land), the w~r becomes 
supersaturated with gypsum and it can precipitate in beds. This requires a fairly arid climate. 

Q: What is the white deposit above the popcorn in Fifth Ave.? 

A: Mainly aragonite. It indicates evaporation, as does the popcorn itself. The apparent 
stratification of speleothem types does not indicate fonner water levels, but is generally 
controlled by stratification of air of different moisture contents. Aragonite forms only if the 
water seeping out of the cave walls is rich in magnesium (typical of seepage from dolomitic 
rocks). Although aragonite does not contain Mg, abundant Mg prevents calcite from 
precipitating. It is interesting to note that limestone that is deposited in the ocean (which is 
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rich in Mg) generally starts out as aragonite, which later converts to calcite. 

Q: In Diamond Caverns there is gypsum along both walls, but not on the ceiling .. Why? 

A: Pyrite is more abundant in the rock layers along the walls than in those in the ceiling. The 
pyrite (iron sulfide) oxidizes to iron oxide (the yellow blobs and stains) and sulfuric acid. The 
sulfuric acid immediately reacts with the limestone, dissolving little pockets and producing 
calcium sulfate. Evaporation causes the calcium sulfate to crystallize as gypsum (hydrated 
calcium sulfate) in areas near where the original pyrite was located. Gypsum "flowers" form 
where the calcium sulfate is most concentrated -- often right around a pre-existing pyrite 
crystal. 

Q: What is the origin of the Bird's Nest in the Formation Room? 

A: This is not an easy question, because the only way to tell would be to take a slice from it! 
From comparison with other a.reas, however, it appears that this is a body of iron oxide from 
oxidation of pyrite in the limestone, which is now coated with calcite flowstone. Iron oxide 
(rust) is very unstable and often changes its composition, becoming hydrated and expanding in 
the process. The warped stalactites in the Formation Room have been disturbed by this 
process. It iS probable that the top of the Bird's Nest shattered and fell away as the iron oxide 
in its core expanded. Fragments of thin calcite rind lie below it, many of which have blobs of 
iron oxide attached. These are probably the shattered fragments of the original formation top. 
The top (both the resistant rind of calcite and the soft, recessed inner core of iron oxide) have 
since been coated with a more recent deposit of calcite from the same drip source, forming the 
hollow "birdbath" structure. A similar but larger feature occurs a few hundred feet north of 
Sand Camp on the door-to-door rolite; its shattered upper part is not covered by a later calcite 
coating, and it shows clearly the outer calcite rind with iron oxide interior. 

Q: Is there any correlation among the raft cones? 

A: There is~ Jio-COrrelation in the levels or ages of raft cones, except over short distances. 
However, they all represent some of the last events in the history of the cave. They occur in 
standing pools of supersaturated water fed by dripping water that has passed through the soil 
and is rapidly losing carbon dioxide, and since the pools occur at a variety of elevations, the 
raft cones do not match in elevation. Even the old ones in Mystery I are relatively recent, 
although their pools no longer exist and they have been covered with mud from recent 
flooding, just like everything else in the cave. 

Q: Much of the Mystery I wall flowstone is in thin layers that break apart easily. Were they 
deposited in some kind of cyclic pattern? 

A: Yes, their sheet-like texture was formed when the calcite deposition was interrupted by thin 
layers of mud deposited during floods. Although a calcite layer will tend to infiltrate and 
cement the mud layer below it, the bond with the underlying calcite is disrupted if the surface 
is not clean. 
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Q: As the limestone and speleothems become weathered, what is happening? 

A: When limestone beds or calcite speleothems are exposed to air for a long time, they tend to 
acquire a white chalky surface rind. The thickest we've seen is about half an inch in porous 
limestone exposed to moist air for about a million years. Most of the material that makes 
limestone dark gray is organic carbon, and this oxidizes slowly in air, producing carbon 
dioxide and a thin bleached surface rind. This process seems to be enhanced by water seeping 
through the walls into the cave. The whiteness of the rind is also largely due to 
recrystallization of the calcite into smaller crystals, and the action of microorganisms may be 
important here. fu Mystery Cave the walls and speleothems show only a very thin altered 
layer of finely crystalline calcite only a fraction of a millimeter thick. 

Q: What's the origin of the calcite vugs (or geodes) in the Angel Loop? 

A: 

Q: 

These are small cavities lined with calcite crystals, which predate the cave. Most (or all) were 
small bodies of gypsum in the limestone that were gradually dissolved away, leaving a hollow 
space that became lined with calcite. The dissolving of the gypsum actually promotes the 
simultaneous deposition of calcite, because as calcium is released by the very soluble gypsum 
it forces the less soluble calcite to precipitate because of the rise in the calcium content of the 
water. This sort of thing usually happens when fresh water (not sea water) first starts flowing 
through the rock layer. The calcite wgs are most common near the top of the Stewartville 
Formation around bedding plane I (BPI). 

Why are the stalagmites and draperies in the Tar Pit, area of Mystery III purple? 

A: Apparently this dark color is mainly manganese dioxide. Organic material from the surface 
has probably contributed. The origin of colors in minerals can be very elusive. 

Q: Are the helictites near the Bar formed by air flow from Mystery I to Mystery II? 

No. Helictites require small amounts of seeping water, not enough to form gravitational drips. 
Evaporation of water in the area due to air flow may reduce the amount of water and therefore 
help to form helictites, rather than stalactites, but air movement is not the cause of the twisting 
shapes. 

Q: In 5th Ave. between Angel Loop and Smoking Chamber the walls and ceiling are always 
very wet; so why are there so few speleothems in these areas? 

A: We have no concrete evidence but can venture a few possibilities: (a) it may be Condensation 
moisture formed where the moist air from Mystery I enters the cold upper levels of Mystery 
II; (b) the water may have begun to enter only recently, due to changes in land use above -
e.g., deforestation -- and just hasn't had enough time to precipitate visible amounts of 
flowstone; ( c) the carbon dioxide in the descending seepage may have been depleted before it 
reached the cave, as would be the case if it passed through a material like sandstone before 
encountering the limestone (so when the limestone dissolved there would no longer be a source 
of carbon dioxide available to recharge the water) - this is not the case at Mystery Cave, 
however; ( d) the water may be descending rapidly enough that when it reaches the cave it has 
not had enough time to approach saturation with dissolved limestone. Any or all of these 
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factors are known to cause this phenomenon in other caves. 

Q: At the bottom of the Hills of Rome, why are the walls dry on one side (with gypsum 
crystals) and wet on the other (no gypsum)? 

A: Water seeps into the passage more vigorously on the north side of the passage, because the 
source of water feeding Blue Lake is on that side. Gypsum cannot grow in moist areas (unless 
the water contains an unusually high content of dissolved gypsum). Much less water enters the 
other side, and so gypsum is able to grow in that dryer area, where the dissolved gypsum 
content can be enriched more readily by evaporation. 

Q: How did Devil's Kitchen form? 

A: It is a room with a high ceiling formed by upward solution along major joints at times when 
the cave was filled with water. Dripping water probably had little to do with its origin. The 
susceptibility of these joint_s to enlargement was probably due to their proximity to the 
surface. Blocks of limestone between the joints must have dropped out at various times, and 
these have either been dissolved away, buried by sediment, 9r moved during trail building. 

Q: What caused the vein filling in the limestone in Fourth Avenue between the Lake and 
Diamond Caverns? 

A: It is a calcite vein that filled an early fracture in the limestone. Deep beneath the surface, 
water usually deposits calcite in pockets and fractures, because calcite is less soluble at the 
higher temperatures that exist at depth. Similar vein filling can be seen in the Angel Loop near 
where the route to the Bar joins the main part of the loop. 

Q: Where does the radon come from in the cave? 

A: Shale tends to collect many·materials that are dissolved in the water that passes through it, 
including tiny amounts of uranium compounds. They are trapped by the shale or precipitate 
within it. For example, oxidiz.ed uranium is soluble, but in the reduced state (in the absence of 
oxygen) it precipitates. Organic material in the mud that makes up shale help to reduce (and 
therefore precipitate) the uranium compounds, and these are the chief emitters of radon. 

Q: What effect does acid rain have on the cave? Will it have a significant effect over the next 
few hundred years? Are any studies being done on the subject? 

By the time the water reaches the cave, it is already nearly saturated with dissolved limestone, 
and adding acid to the rainwater will not significantly affect the cave. Instead, the rate of 
limestone solution at and near the surface will increase. Even this effect is small over the short 
time intervals involved. Water in the soil naturally picks up so much carbon dioxide that the 
pH drops to about the same level as that of average acid rain, and so the effect of the acid rain 
on water that passes through soil is less than on surface water. 




